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CALCULATED-EXPERIMENTAL MODEL OF DISTRIBUTION OF NON-METALLIC
INCLUSIONS IN THE METAL OF WELDS BY SIZES
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There is a large number of investigations on the impact of distribution of non-metallic inclusions in the weld metal on its
structure and mechanical properties. However, the authors of these works do not describe the kinetics of forming such a
distribution. The results of the development of a distribution model in the weld metal of non-metallic inclusions by sizes are
presented. Formation of the calculation part of the model is based on the processing of experimental data on the sizes of non-
metallic inclusions in the metal of welds, deposited by the methods of submerged welding in the medium of shielding gas.
Generalization and analysis of experimental data showed that the final distribution of inclusions in the metal of the studied welds
is submitted to the law of gamma distribution (probability is > 95%). To describe the evolution of the distribution of non-metallic
inclusions during weld formation, the authors proposed to apply a probabilistic model in the form of gamma-distribution with
time-dependent parameters. 14 Ref., 2 Tabl., 3 Fig.
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O6nagHaHHA ANA Na3sepHOro 3BaploBaHHA B BaKyyMi

O6nagHaHHA NPU3HaYeHo ANA OTPUMAHHA 3BAPHUX 3 €AHaHb HN3b-
KONIeroBaHuXx i neroBaHUx cTanemn, TATAaHOBUX, HiKeneBux, MigHUX Ta
iHLWMX CNnaBiB, @ TAKOX anNtOMiIHIEBMX, MarHieBux i 6epunieBmx crna-
BiB. BigMiHHOO 0cO6MMBICTIO 06N1afHAHHA € MOXIIMBICTb 3BaplOBaHHA
3 nofayveto ofHi€i abo ABOX NPUCAZHUX APOTIB, WO NifirpiBaloTbCA.
MOTY>KHiCTb JIa3epHOro BUNPOMiHIOBaHHsA 0,2...5 KBT (Mpw HeobXxia-
HOCTi MOXe 6yTu 36inbLueHa). Po3mipu BakyyMHOT Kamepu, KinbKicTb
CTyneHiB cBoboaM Ta pobOUMIA Xif MPVBOAIB MaHiNynATOpPa B BaKyyM-
Hil KaMepi BUrOTOBNAIOTbCA 3a/IEXKHO Bif rabapuTis i dopmu noBepx-

Hi 3BaploBaHNX AeTanen. 3 4 ! 2
JlazepHe 3BaptoBaHHA B Bakyymi (LWV) nae pe3ynbraTii, NOPIiBHAHI 3 1 - BaKyyMHa Kamepa; 2 — BaKyyMHMUIA
pe3ynbTaTamm eNeKTPOHHO-MPOMEHEBOrO 3BaptoBaHHsA (EBW) npu MocT; 3 — KOMMJIEKT flazepHoro obnag-
AHaAJIOTMYHIV MOTYXKHOCTi MPOMEHS. HaHHA 3 CUCTEMOIO OXONOLMKEHHA; 4 —
MepeBarn LWV y nopiBHAHHI 3 EBW: MoGifibHa ccTeMa yrpassliHHA

8 100...1000 pa3iB MeHLwa rMmbrHa Bakyymy

HabaraTo mMeHLUi rabapunTy 3BapOBafIbHUX rOJIOBOK, MPOCTIlle Ba-
KyyMHe 06/1aiHaHHA Ta MEHLUMIA YaC BaKyyMyBaHHS

MeHLUa cobiBapTicTb 1 M 3BapHOro LUBa Ta BUTPATU Ha 06CyroBy-
BaHHA o6nagHaHHA

YcTaHOBKa anAa I.IJBI/Ip,KiCHorO ri6p|nnHoro Jla3epPpHO-MNJIa3MOBOIro 3BapoBaHHA

O6nafHaHHA NpY3HaYeHe Ans OTPYIMAHHSA 3BapPHYX 3 €JHaHb HN3bKOJIEFOBAHNX i IeroBaHUX CTanem, TMTaHOBUX, Hi-

KeneBux, MiJHVX Ta iHLWIVX CNJIABIiB, @ TAKOX 3 aJIlOMIHIEBUX | MarHieBUX crnnagiB 6e3 Ta 3 mofayeto NprucagHoro Jpory.
LlBmaKicTb ribpraHOro nasepHo-naasmMmoBoro 3saptoBaHHA BuLLa Ha 30...60 % y NOPiBHAHHI 3 Nla3epHVIM 3BapOBaH-

HAM i B 2...3 pa3n y NOPiBHAHHI 3 M1a3MOBMM 3BaploBaHHAM 1A OOHIET i Ti€T X TOBLYMHM 3BaploBaHUX AeTanen.

TexHi4Hi xapakTepucTukn

MoTyxHicTb, KBT:

- nNasepHe BUMPOMiHIOBaHHS 0,2...5,0
- NNa3MoBoi Ayru 0,2...10,0
Po6ounin ctpym nnasmoBoi gyru, A

- NPSAMOI NONSAPHOCTH 10...320
- Pi3HONONSIPHWUI acUMETPUYHUI 10...320
Po6oua Hanpyra nna3moBoi ayru, B:

- NPSIMOI NOMAPHOCTI 12...28
- 3BOPOTHOI MONSAPHOCTI 24...36
ButpaTu rasis, n/xs:

- nnasmoyTBoptotoyoro (Ar) 1,0...10,0
- 3axucHoro (Ar; Ar + CO,) 0,4...40
Tuck pobounx rasis Ha BXoAi B cuctemy 2.4
rasoniaroToBku, 6ap
LLIBnakicTb nogavi npucagHoro ApoTy, m/rog 0...420
[iameTpun npucagHoro Apoty, MM 0,8...1,6

32 ISSN 0005-111X ABTOMATWUYHE 3BAPIOBAHHA, Ne12, 2021



ENEKTPOLUNAKOBI TEXHONOTTI

STABILITY OF THE PROCESS OF ELECTROSLAG WELDING WITH BIFILAR
POWER CIRCUIT WITHOUT EQUALIZING WIRE

Yu.M. Lankin, V.G. Solovyov, V.G. Tyukalov, I.Yu. Romanova

E.O. Paton Electric Welding Institute of the NAS of Ukraine. 11 Kazymyr Malevych Str., 03150, Kyiv, Ukraine.
E-mail: hhsova@gmail.com

Electroslag welding (ESW) by wire electrodes with bifilar circuit of power connection without equalizing wire is not applied now.
There is reason to believe that bifilar ESW without the equalizing wire has certain advantages over bifilar electroslag remelting
(ESR) without equalizing wire. Therefore, additional studies of the process of bifilar ESW without equalizing wire are required.
Investigations were performed and the range of parameters of a stable process of ESW with a bifilar power circuit without an
equalizing wire was determined, using a mathematical experiment. The causes for process unbalance can be temporary violation
of the feed rate of one of the electrodes, local change of electrode cross-section, asymmetrical arrangement of the electrodes in
the slag pool, etc. The notion of «resistance to external impact» (REI) was introduced. It was proposed to use as the measure
of resistance, the maximum value of REI parameter, above which the process goes into an unstable mode. REI nomogram was
obtained, depending on welding voltage and electrode feed rate, which allows selection of the mode of bifilar ESW with the
highest resistance to external disturbances. A mathematical model was used to show that the process of bifilar ESW without an
equalizing wire can run in a stable manner in a certain zone of values of the technological mode parameters. 4 Ref., 1 Tabl., 5 Fig.
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MnasmoBe pisaHHA MeTaniB NiABULEHNX TOBLYVH Ha 3BOPOTHIN NOAAPHOCTI

O6nafHaHHA Npr3HaYeHe Ans pisaHHA HePXKaBilUMX CTanel, YOPHUX | KONTbOPOBKX MeTaniB (antoMiHIEBUX, MiQHNX,
TUTAHOBUX Ta iHLUMNX CMaBiB) TOBLWMHOW 5—150 MM i BMLLE 3 BUKOPUCTAHHAM M1a3MOBOI Ay MNOCTINHOIO CTPyMy
npsmoi Aii Ta 3abe3neuye epeKTUBHE pisaHHA METANIEBOIO JINCTA, @ TAKOX Pi3HOMaHITHOTO INTTA.

TexHiuHi xapakTepucTukn obnagHaHHA
ANA NNasmMoBOro pisaHHA meTanis

Ha 3BOPOTHIil1 NONAPHOCTI

Hanpyra »usnavoi mepexi npu

®oTo NoBepxHi pisy NnacTuH
nicnA N1a3MoBOro pisaHHA Ha
3BOPOTHI NONAPHOCTI

yactoTi50 M, B . ... .. 3 x380; 'y

BuxigHa noTyHicTb, KBT . . ... ... no 250;

Hanpyra xonoctoro xogy, B. . . . . .. o 700;

Poboua HanpyraHa iy3i,B . . ... .. 200...650 y |
[liana3oH perynioBaHHA poboyoro HU3bKONEroBaHa KOHCTPYKLIH-
caTpymy gyrm, AL Lo 50...400 Ha CTanb (ToBwMHa 100 MMm)
KpyTunsHa (andepeHuinHunia onip)

30BHILIHbOT XapakTepuctuky, B/A . . . 6inble 20 ‘
Butparta nna3moyTBOpiOBanbHOro rasy

(nositpa), m3/rog .. ........... 5...35

Tuck nosiTpa B mepexi, MMa. . . . . . 0,8...1,0

30BHILWHI BUrNag obnagHaHHA ans
BMTPaTa nnasmoyTBoptoBasibHOro NiasMoBOro Pi3aHHA Ha 3BOPOTHIN nleroBaHa Hep»<aBitoua
nositpa,m¥/rog . . ............ 5...35 NONAPHOCTI cTanb (ToBLMHa 130 MM)

Maiika - nepcneKTUBHUI MeToA OTPUMaHHA 3’€AHaHb
Maxisui IE3 im. €.0. MaToHa po3pobunu TeXHOOTIT Ta NPUNOI Ajs Nakn Pi3HMX MaTepianiB B OQHOPIAHOMY Ta
pi3HOPIAHOMY MOEAHAHHI CTOCOBHO A0 NpuiafobyayBaHHsA, aTOMHOI eHepreTKY, TEPMOSIAEPHOMO CUHTE3Y,
aBiaKOCMIUYHOT Ta aBTOMOOiSIbHOT MPOMICIOBOCTI.

)

ra A\

Mogenb avBepTopa EnemeHT grBepTopa Mogenb auBepTopa TennoobmiHHMK Tpy6uacTi 3'effHaHHA AHTeHa Al (3003)
Cu-W Mo -C C-Mo-SS Stainless steel IC321 Al + stainless steel IC 321

a p .
LleHTpobixxHe Koneco Byson ¢poTonpuiimaua TpybuacTe 3'efHaHHA BypunbHUi iHCTPYMeHT EnemeHT doTonpuiimaya EnemeHTn
IN718 Ti - Kovar Stainless steel IC 321 (TBEpAOCNNaBHI cnnasu) Ti - Kovar TennoobmiHHukiB Cu+Cu
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